Fall 2001

Physics 129: Problem Set #1
Due: Wed Sept 5, 2001

This problemsetcoversmaterialfrom PerkinsChapterl. It alsowill introduceyou
to avery usefulresourcethe work of the Particle DataGroup. | have alsoincluded
a numberof relativity problems. For thoseof you who are rusty on your special
relativity, Tuanwill bereviewing thistopicin sectionnext week.

1. Natural Units It is corvenientto choosea setof unitssuchthath=c=1. In
suchunits, mass(m), momentum(mc) andenegy (mc?) areexpreseedn units
of GeV andlength(/mc) andtime (1/mc?) areexpressedn unitsof GeV1.

Shaw thatin theseunits

(a) the Comptonwavelengthof anelectronis m 1
(b) the Bohrradiusof the hydrogenatomis (am)—t

(c) thevelocity of anelectronin its lowestBohrorbitis a

Herem is the massof the electron,or more preciselyfor partsb) andc) the
reducedmassmemp/(Me+ Mp).

2. Relativistic Kinematics and Fixed Target Collisions Perkinsl.1
3. Relativistic Kinematics and the Decay of the T© Perkinsl.4

4. Relativity and [3 decay (adoptedrom Griffiths p. 52) In the periodbeforethe
discoverof theneutronmary peoplethoughtthatthe nucleusconsistef pro-
tonsandelectrons, with the atomicnumberequalto the excessnumberof pro-
tonsoverelectronsThisview seemedo besupportedy theobsenationthatin
nuclearbetadecayelectronsareemittedandthe chage of the nucleuschanges
sothat overall chage is consered. Usethe position-momentununcertainty
principle, AxAp > h, to estimatethe minimum momentunof an electroncon-
finedto a nucleus(radius10-13 cm). Fromthe enegy-momentunrelation(in
naturalunits) E2 = p? + n? determinethe correspondingnegy andcompare



it with thatemittedin, say the betadecauof tritium (seePerkinsp. 200). This
resultconvincedsomepeople(correctly)thatthe beta-decaglectroncould not
have beenrattling aroundinside the nucleus but mustbe producedn the dis-
integrationitself.

. Navigating the Particle Data Group Web Pages The Particle DataGroupmain-
tainsanexcellentweb site with a compilationof usefulinformationaboutpar
ticle physics.This informationis alsoavailablein printedform for freeif you
write to them. The PDGwebaddresss: http://www-pdg.Ibl.ga/

The following questionscan be answeredust by looking up informationon

thesewebpages.They will justgetyou familiar with the pagesandalsosome
basicparticle physicsfacts. (Hint: The first two questionscan be answered
by looking in the SummaryTables. Thethird usesinformationfrom available
from the pageof Reviews, TablesandPlots)

(a) Whatarethe masse®f the lightestknownmesonthelightestSpin1 me-
sonandthe lightestmesonthat carriesa strangenesquantumnumberof
1?

(b) The A is a baryonthatdecaysweakly. Whatis its massandwhatis the
lifetime of the A? Whatarethe two mostcommondecaymodesof the A
andfractionof thetime doesit decayinto eachof thesetwo modes?

(c) Considertheinteractiontt™p — 1t p (TIp elasticscattering).Whatis the
experimentallymeasuredrosssectionfor eachof thefollowing centerof-
massenepgies: 1.2GeV, 3 GeV, 6 GeV?How do thesenumberscompare
to thetotal " p crosssection(mp — anything) ateachof theseenegies?



